This study compares the relative ability of spectral-based measures, entropy measures and complexity measures to detect early seizure onset.
a b s t r a c t
Objective: A clear classification of partial seizures onset features is not yet established. Complexity and entropy have been very widely used to describe dynamical systems, but a systematic evaluation of these measures to characterize partial seizures has never been performed. Methods: Eighteen different measures including power in frequency bands up to 300 Hz, Gabor atom density (GAD), Higuchi fractal dimension (HFD), Lempel-Ziv complexity, Shannon entropy, sample entropy, and permutation entropy, were selected to test sensitivity to partial seizure onset. Intracranial recordings from 45 patients with mesial temporal, neocortical temporal and neocortical extratemporal seizure foci were included (331 partial seizures). Results: GAD, Lempel-Ziv complexity, HFD, high frequency activity, and sample entropy were the most reliable measures to assess early seizure onset. Conclusions: Increases in complexity and occurrence of high-frequency components appear to be commonly associated with early stages of partial seizure evolution from all regions. The type of measure (frequency-based, complexity or entropy) does not predict the efficiency of the method to detect seizure onset. Significance: Differences between measures such as GAD and HFD highlight the multimodal nature of partial seizure onsets. Improved methods for early seizure detection may be achieved from a better understanding of these underlying dynamics. Ó 2011 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
The detection, identification, and even prediction of epileptic seizures are paradigms that are hindered by the lack of understanding of the phenomena taking place at the onset of these events. Among the approaches taken to understand these dynamic changes is the analysis of electroencephalograms recorded continuously before, during and after epileptic events. But even today a clear classification of partial seizures onset features is not established; the onsets of focal seizures are typically more subtle, more slowly evolving, and more heterogeneous than are the onsets of primary generalized seizures.
Over the past several decades, as the EEG has transitioned to digital recordings, classification of epileptic seizures based on electrographical features also evolved as previous visual characterization of features have been replaced by algorithmic evaluations of various descriptors of these seizures. Prior to the digital processing of the EEG recordings, visual characteristics of the EEG patterns were used as means of classification (Blume et al., 1984; Ebersole and Pacia, 1996) . As spectral analysis became widely available, frequency parameters were added and are used today to assess the onset patterns in a more objective manner (Spencer et al., 1992; Srinivasan et al., 2005; Meier et al., 2008; Wetjen et al., 2009) . A number of studies have paid particular attention to high-frequency components of the EEG and have focused on assessing if high-frequency oscillations (HFO) (Bragin et al., 1999; Staba et al., 2004) recorded ictally (Worrell et al., 2004) or 
